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Wherein 

R,ie emlno or e protected emlno group, 

R,i. - c.rboxy or e protected cerboxy group end n le 0.1 or 2, 
Which comprlees reducing e 3-helomethyl-3 sfifta h ! j^^ 
the formula I 



"T 1 I i 



I 

•«7 



R^Rlend n are each ee defined ebove and 

X le halogen atom, with active t.n ganereted ^""^-Jln 
in presence of orgenic eolvente of the kind euch ee herein 
described • 
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The invention relates to a new process for the preparation of 3- 
exomethylene cephalosporins . 

These 3-exomethylenecepham compounds are useful as intermediates in 
the semisynthetic preparation of a variety of potent antimicrobial 
agents . 

Several procedures are now available to produce 3-methylenecepham 
compounds. U.S. Patent No. 4,354,022 discloses a process for 
preparing 3-methylenecepham sulphides by reacting 3-halomethyl-3- 
cephem with a combination of activated Zinc metal and ammonium salt. 
However, of the 3-halomethyl-3-cephem compounds, only chloromethyl 
is exemplified in this reference. German patent no. 3,711,625 also 
describes the reduction procedure only for chloromethyl cephem 

m 

compounds. In Chem. Pharm. Bull. 36.(2) 582-591 (1988) the 
preparation of 7 -amino- 3 -methylene cepham-4-carboxylic acid is given 
by reduction of the corresponding 3- (5-methyl-l,3,4-thiadiazol-2- 
yl) thiomethyl- 3 -cephem derivative with zinc either in acidic or in 
anhydrous neutral conditions. In European Patent Appl. 132, 334, the 
preparation of 3 -methylene- 1-oxocephem compounds is given by 
reaction of the corresponding 3-acetoxymethyl cephem compounds with 
activated zinc and ammonium chloride. 

In accordance with the present invention there is provided a new 
process using active tin generated in Sncl^-Al system to achieve 3- 
exomethylene cephalosporin compounds of high purity and in good 
yields. The side product 3 -methyl -3 -cephem compound is formed in 
minor quantity in the method described in the present invention. 

2 
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According to the present invention, 3-exomet hyl ene cepha- 
losporins of the formula : 



(O)n 
I 




Wherein 

Rj is amino or a protected amino group, 

R 2 is a carboxy or a protected carboxy group and 

n is 0, 1 or 2, can be prepared by reducing a compound 

of the formula 



<0)n 
R 2 

Wherein 

R^ , R^ and n are each as defined above and 
X is halogen, by the use of active zero-valent tin gener- 
ated in SnCl 2 -Al system, in a solvent, at a temperature 
of about 5°C to about 60°C. 

3 
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~» m>v include an amino group 
*,,*.«. "prot.cted -«•••'-* : L 9 roup which i. conv ntion- 
. ub stitut.d with a ».t.b». P» ^ as a protect . 

ally u s.d in Ceph.lo.por.n n P U P^ ^ ^ 

|„ group of the ...no group .t th ..„,„„, phenyl 

suitable -protected .mino group ».y 
(lower) alkylate «* cl °> •W"" no - 

suit .bl. -.Cl..ino. groups include e.iphetic. - - - ^ 
heterocyclic .cyi-ino groups, the acy g roethoxy 
f(W l. acetyl, propionyl u yr , e y 

carboxyl. ethoxycsrbonyl . t bu ' 0,,y ph ,„ 0 ,yc.rbonyl . phenoxy 

nsphthoyl. ph.nylsc.tyl. phenylprop.onyl . ph.n 

acetyl, thienylacetyl. 

. ™>« include s carboxy group 
suitable -protected carboxy group , uhich ^ 

substituted with a conventual P"» expounds as the- 

tl o„.»y osed in cph.io.p orin an c P ^ 
c , rb o,y prot.ctive group of the carbo , , 

3r d position, for „«p « « < include „ ters such 

espies of such prot.c : rboxy P ^ ^ ^ 

as .ethyl ester, ethyl ester P 9Y „ t . r , dipheny l-- 
ester. 4-nitrobenzyl ester. 2,2,2-tncni 
.„,hvl' ester. 4-«.tJ>o»yb«wyl ester-... 

In th is specification, halogen -y include chlorine, bro.ine 



and iodine. 



A f formula i which can be made by the present 
Preferred compounds of formula Drefe rably the 3-methyl- 

■» mo thvlene cepham and most P"""° 1 

::e:r-:: n oc:;:.r:n" 3 "ethyi:n.-i,i-dioxocepha» .. 

dihydrate and aluminium powder. 



4 
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<„ ,h. nroc ss. The solvent ..Let a ie pr f rr.bly on. .n 

i , «.*- «*.««. 

Sdvent. .est t. M >y us.a includ. m.-.-dimethy! formam.de. 
acetonitrile. t etr.hydrof uran , water, dto.ane. 

The reaction conditions are not very critic.!. The reaction 
temperature range optima! for the reaction accord.ng to t e 
invention .ay vary depending on the starting material, solvent 
snd other .actors. Generally, however the range of .bout C 

. f . 1a Th4: reaction time may vary widely, but 
ro 60°C is suitable. The reacw^i <- 

usu.Hy between ,-, hrs. The proauct can be purified, removing 
ny 3-metny,-3-cephem cr Cher impurities which might be present, 
by standard usua, technics including cryst a. 3 i z.t ton from 
solvents such as methanol, isopsopanol or acetone. 
The s.artino 3-hal cmet hyl-3-cepham aerivatives are knoe* compounas 
and may be prepared by the appropriate known methoas. See. 
for example Japanese patent no. 76087/1975. Eur. Pat. Appl . 
34,394 and Belgian patent no. 755, 256. 

As mentioned earlier, the 3-exom,thylene cephams produced by 
the present process of this invention are useful as in .reed, es 
the synthesis of cephalosporins having antibacterial acttv.ty. 
The 3-exomethylene c.ph.m-l-oxides are paticularly valuable 
in the synthesis of 3-hydroxy-ce P haiosporin=, which may be conver- 
ted readily to 3-halocephalospori ns . 

The following examples are given for the purpose of illu.tr- 
ting the present invention. 



EXAMPLE-1 177465 

DIPHENYLMETHYL 7-p-PHENYLACETAMIDO-3-EXOMETHYLENBCBPHAM-l- 
OXIDE-4-CARBOXYLATE 

To a stirred solution of 5 g of diphenylmethyl 7-phenylacetamido 
3-bromomethyl-3-cephem-l-oxide-4-carboxylate in 130 ml tetra- 
hydrofuran and 50 ml water were added 5g of stannous chloride 
dihydrate and 1.53 g aluminium powder at 10-15°C. The reaction 
progress was monitored by TLC. After .the completion of the 
reaction, 100 ml ethyl acetate was added and organic layer 
was separated. Removal of the solvent afforded 4.30 g of 
the product that was recrystall ised from isopropyl alcohol. 
According to quantitative HPLC-assay, the product contained 
95% of the title compound. The isolated yield of the title 
3-exomethylene was 87%. PMR (DMSO-d g ) S : 3.45, 3.72 (2H, 
ABq , J=15Hz, C-2), 3.46 (2H, d, J= 1 . 5Hz /-CH 2 CO) , 4.78 (1H, 
d, J=5Hz, C-6), 5.20, 5.32 (2H, 2s, 3-exomethylene), 5.41(1H, 
dd, J=5Hz, 10Hz, C-7), 5.58 (1H, s, C-4), 6.54(lH,sj diphenyl- 

methylmethine) , 7.08 (15H, m, aromatic) and 7.78 (1H, d, J=10Hz, 

-NH ) . 

EXAMPLB-2 

4— METHQXYBEN2YL 7-p-PHBNYLACETAMIDO-3-EXOMETHYLENECBPBAM-l- 
OX IDE— 4-CARBOX YLATE 

When proceeding according to the method described in example 1 
and using 4.60 g of 4-methoxybenzyl 7-phenylacet amidb-3-br6mb- 
methyl-3-cephem-l-oxide-4-carboxylate, 3.30g of 4-methoxybenzyl 
7-B-phenylacetamido-3-exomethylenecepham-l-oxide-4-carboxylate 
(85% of theory) were obtained. HPLC analysis confirmed the 
product to be composed of 97% pure 3-exomethylenecepham. 



\ FXAMPLE-3 1774(55 

TBRT» BUTYL 7~p-PHENYLACBTAMIDO-3-BXOMETHYLENBCEPHAM-l-OXIDE- 
4-CARBOXYLATE 

To a solution of tert. butyl 7-p-phenylacet amido-3-bromomethyl- 
3-cephem-l-oxide-4-carboxylate (5 g) in 100 ml of t etrahydrof uran 
and 40 ml water was added 6.10 g stannous chloride dihydrate 
followed by 1.87 g aluminium powder at 20-25°C. The whole 
was stirred at 30-35°C for 1 hr and 200 ml ethyl acetate added. 
After filteration, organic layer was washed and concentrated 
under reduced pressure until thick paste was formed. Diethyl 
ether (200 ml) was added slowly and mrixture stirred at 0-5°C 
for 1 hr. The precipitate was filtered off, washed with 20ml 
ether and dried, giving 3.68 g of the* title compound as white 
solid. Yield was 88%. 

PMR (DMS0-d 6 ) S : 1.35 (9H, s, tert. butyl), 3.35 (2H, d, 
J = 2Hz CH 2 CO), 3, .45, 3.7 (2H, ABq , J=16Hzi C-2), 4.69 (1H, 
d, J=5Hz, C-6), 4.83, 5.05 (2H, 2s, 3-exomet hyl ene ) , 5.35 
(1H, s, C-4), 5.3 (1H, dd, J = 5Hz, 8Hz, C-7), 6.91 (5H,* s, 
aromatic) and 7.65 (1H,T!I, J=8Hz, -NH) 

EXAMPLE-4 

2,2, 2-TRICHLOROETHYL 7-p-PBENYLACETAMIDO-3-EXOMETBYLENBCEPHAM- 
l-OXIDE-4-CARBOXYLATE 

2g Trichloro 7-p-phenyl acet amido-3-bromomet hyl -3-cephem-l -oxide- 
4-carboxylate dissolved in a mixture of tetrahydrof uran (14ml) 
and water (6 ml) was treated with stannous chloride dihydrate 
( 2g ) and aluminimum powder (0.64g) at 30-35°C. After stirring 
for 30 min at 25-30°C, 80 ml ethylacetate and 20 ml of 3% 
hydrochloric acid solution was added and the layers were separated 
The ethyl acetate solution was washed twice with 10% sodium 
chloride solution (20ml) dried over sodium sulphate and concen- 
trated to a thick paste. Diethyl ether (40 ml) was added and 
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» -resulting precipitate was filtered and purified from iso-propyl 
' alcohol to provide 1.54 g of the title 3-exomethylenecepham 
with a purity of 96% (HPLC). The yield was 89%. 

PMR (DMSO-d 6 ) S : 3.48 (2H, d, J=2Hz, CHjCO) , 3.55, 3.84 
(2H, ABq . » J=18Hz, C-2), 4.74 (3H, bs, CH^C^ and C-6) , 5.2, 
5.32 (2H, 2s, exomethylene) , 5.38 (1H, dd, J=5Hz, 8Hz, C-7), 
5.55 (1H, s, C-4), 6.72 (5H, s, aromatic) and 7.80 (1H, d, 
J= 8Hz,-NH) . 
EXAMPLE-5 

DIPHENYLMETHYL 7-p-PHENYLACETAMIDO-3-EXOMETHYLEN ECEPHAM-4- 
CARBOXYLATE 

To a solution of diphenylmethyl 7-p-phenylacetamido-3-bromo- 
methyl-3-cephem-4-carboxylate (1 g) in a mixture of 10 ml 
tetrahydrofuran and 4 ml water was addedd stannous chloride 
dihydrate (1.2 g) followed by aluminium powder (0.5g) and 
the reaction mass was stirred at 60-65'C for 1 hr. Ethyl acetate 
(40 ml) was added and o*ganic layer separated, washed twice 
with 10 ml water. After drying with sodium sulphate, the 
solvent was removed under reduced pressure and the residue 
was crystallized with ethylacetate/di-isopropyl ether to afford 
690 mg (80%) of the desired exomethylene product with 82% 
purity . - 
EXAMPLE-6 

DIPHENYLMETHYL 7-B-PHENYLACETAMIDO-3-BXOMETHY LENECEPHAM-4- 
CARBOXYLATE 

To a solution of 500 mg of diphenyl 7-p-phenylacetamido-3- 
bromomethyl-3-cephem-4-carboxylate in 15 ml of acetonitrile 
and 1 ml water was added stannous chloride dihydrate (0.6g) and 
aluminium powder (0.25 g) and the reaction mixture stirred 
at 30-35°C for 30 min. After usual work up and purification from 
ethyl acetate/di-iso-propyl ether, 325 mg of exomethylene 
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cepham was obtained (yield 75.4%). According to quantitative 
HPLC-assay the purity was 95.8%. 

PMR (CDC1 3 ) 6: 2.90, 3.30 (2H, ABq, J=16Hz, C-2), 3.39 ( 2H , 
s, CH^CO) , 4.88, 4.92, 4.98 (3H, 3s, exomethylene and C-4), 
5.05 (1H, d, J=5Hz, C-6), 5.35 (1H, dd , J=5Hz, 9Hz, C-7), 
5.88 (1H, d, J=9Hz, NH), 6.50 (lH,~s, ^CH) and 6.9-7.2 
( 15H, aromatic) 

EX AMPLE-7 

DIPHENYLMETHYL 7-»p-AMINO-3-EXOMETHYLENE-4-CARBOXYLATE HYDRO- 
CHLORIDE 

To solution of cyclohexene (0.97 g) and pyridine (1.84g) 
in 45 ml of dichloromethane was added diphenylmethyl 7-phenyl- 
acetamido-3-exomethylenecepham-l-oxide-4-carboxylafee (prepared 
from corresponding 3-halomethyl derivative as described in 
example 1) and the mixture cooled to -45°C. Phosphorus penta- 
chloride (4.86 g) was then introduced causing a rise in temp- 
erature to -40°C. After stirring at -40°C for 30 minutes, 
the temperature was raised to about 10°C and mixture stirred 
further for 1 hr. Subs eq u en 1 1 y s 1 8 . 7 ml of methanol was add ed 
and mixture was stirred for 1 hr. To the resulting solution 
was added cold water (2 ml). After removing the solvent 
in vacuo, the residue was triturated with water (4 ml) and 
diethylether (30 ml). Resulting precipitate was collected 
by filtration, washed with water (10 ml), diethyl ether (10ml) 
and dried to afford 1.72 g (70%) of the title compound of 
98% purity by HPLC analysis. 

v 
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PMR (DMSO-d 6 ) S : 3.25, 3.50 (2H, ABq . J=J8H, C-2), 4.68 
(1H, d, J=5Hz, C-6), 5.02 (1H, d ,J=5Hz,C-7), 5 . 29 (2H, s, 3- 
exomethylene), 5.20 (1H, s, C-4), 6.55 (1H, s, benzhydryl H) 
and 6.97 (10H, bs, aromatic) , 
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1. A new process for preparing 3-exomethylene cephalosporins of the fornula 



(0)n 



R 2 



ttierein 

Rj is amino or a protected amino group, 

ys a carboxy or a protected carboxy group and n.is <Mor 2, 



Which comprises reducing a 3-halomethyl-3-cephem derivative of the formula 



(0)« 
I 

s 



■n 1 



I 

n 2 



Wherein 



r., R^and n are each as defined above and pres ence of 

X 1 is halogen atom, with active tin generated in SnCK AJ. system y 
organic solvents of the kind such as herein described . 

U 
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2. The Process according to claim 1, wherein said organic 
solvents are selected from tetrahydrof uran or acetonitrile or 
mixture thereof capable of dissolving the 3 -halomethylcephem 
derivatives and water. 

/ 

3. The process according to claim 2, in which the reaction is 

carried out at a temperature of about 5C to 60C. 

/ 

/ 

4. A new process for preparing 3-exomethylenecepham compounds of 
the formula I substantially as herein described with 
reference o foregoing examples. 

Dated this 10th day of May, 1991. 

/ RANBAXY LABORATORIES LTD. 
APPLICANT 
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